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(54) IMetiiod and apparatus for generating a RF signal 



(57) The invention is concerned with a method of 
generating a high-power modulated radio-frequency 
signal from a low- or medium frequency information sig- 
nal by pulse-fonning of the information signal by means 
of a quantifier to form a digital signal having discrete sig- 
nal values, generating one or more carrier waves of ra- 
dio frequency, amplification by means of an amplifier 
comprising switches into a switched radio-frequency 
signal carrying the information, the switching events be- 



ing controlled by the information content of the digital 
signal, and achieving the desired signal by means of a 
filter. The method is characterized in the carrier waves 
are generated by means of alternating radio-frequency 
voltages and that the amplification Is performed by con- 
necting the switches to the alternating carrier voltages, 
thus causing mixing of the digital signals with a corre- 
sponding carrier signal, in accordance with a given in- 
formation content of the digital signal. The invention is 
also concerned with an apparatus to carry said method. 
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Description 
TECHNICAL FIELD 

[0001 ] The invention is concerned witli a metliod and 

apparatus of generating a modulated RF signal. It is es- 
pecialty concerned with methods and apparatuses for 
modulation and amplification of a low- or medium-fre- 
quency information signal to a high-power radio fre- 
quency signal. 

BACKGROUND ART 

[0002] In a radio base station, there is a need for a 
high-power amplifier in the transmitter section to provide 
each radio channel with enough power to reach the out- 
er limits of the cell which the base station Is covering. 
[0003] Traditionally there has been a trade-off be- 
tween efficiency and linearity in radio frequency (RF) 
power amplifiers. E.g. amplifiers of C-type are high effi- 
cient but has an insufficient linearity, while e.g. A-type 
amplifiers are very linear but are low-efficient. 
[0004] The development in radio communication dur- 
ing the recent years has, however, created an Increased 
need for linear high-power RF amplifiers. One reason 
for this is the increased use of modulation schemes with 
time-dependent envelope, Wke QAM (Quadrature Am- 
plitude l\/lodulation), OFDM (orthogonal frequency divi- 
sion modulation), and CDMA (Code Division Multiple 
Access). Another reason is the trend towards multi-car- 
rier radio (MCR). 

[0005] When the same amplifier is used for simulta- 
neous amplification of several information signals mod- 
ulated on different cannier waves or when linear modu- 
lation is used, such as QAM, high linearity is required, 
because in this case it is essential that all phase and 
amplitude positions of the signal components involved 
are maintained in the amplification, because if many car- 
riers are amplified in a single amplifier, the envelope of 
the total signal will be time-dependent even if the indi- 
vidual signals are not. If linearity is not achieved, inter- 
modulation between the signal components might occur 
or the spectrum of the amplified signal sum might broad- 
en, with the risk of interference with signals on other 
channels. 

[0006] It has therefore been particulariy problematic 
to find solutions for e.g. MCR base stations maintaining 
high efficiency due to the very stringent linearity require- 
ments at the same time as high power is needed. Also 
the relatively large bandwidth makes a solution for this 
- case particulariy difficult. 

[0007] The Swedish patent 507 373 of the applicant 
presents a method for generating a moderately wide- 
band (i.e. including a MCR signal) high-power RF signal 
with high efficiency and linearity. In this method, a slg- 
ma-delta modulator is used to generate a digital signal 
from an infomnation signal followed by up-mixing and 
subsequent switching and band-pass filtering. The sig- 



ma-delta modulation transforms the analog (or very mul- 
ti-level digital) signal to a signal containing only M (pref- 
erably, but not necessarily, equally spaced) levels by a 
quantization process. The so called quantization noise 

5 generated in this process Is then rejected by a band- 
pass filter. The amplification is provided by the switching 
process. It works so that the input of the band-pass filter 
is connected to M different constant electrical potentials 
via M switches. At a given time, one and only one switch 

10 is closed, and all the others opened. The digital control 
signal (the digitally up-mixed sigma-delta coded base- 
band signal) determines which switch is closed. 
[0008] If ideal switches (and an ideal band-pass fitter) 
are used, the amplifier will have 100% efficiency and lin- 

15 earity. Real switches are however not ideal and there- 
fore they will dissipate power and 1 00% efficiency is not 
obtained. Power will be dissipated due to voltage-drop 
across the closed switch and leakage-current through 
the opened switch. 

20 [0009] Furthermore, the switches have a finite transi- 
tion time between the closed and opened states. This 
will lead to the problem of switching transients. If, during 
some period of time during the switching transient, two 
switches are simultaneously in a low impedance state, 

25 then an almost short-circuited power supply has ap- 
peared. 

[0010] If, on the other hand, during a switching tran- 
sient, all switches are simultaneously in a high-imped- 
ance state, then a voltage transient will be created by 

30 the band-pass filter. The band-pass filter must have a 
high input impedance for out-of-band signals. For this 
reason it can be considered as a constant current gen- 
erator during the short interval of time of a switching 
transient. This constant current passes the high-imped- 

35 ance switches, creating a high-voltage transient. This 
dissipates transient power, may create non-linearities, 
and even degrade the life-time of the switches. It will 
also be more difTicult to get the required selectivity from 
the band-pass filter since it will see a time-varying Im- 

40 pedance. 

[001 1] To reduce the transient problems, one could try 
to use a faster switch. However, there is often a trade- 
off between speed, the conductivity of the closed switch 
(for a given minimum "off -resistance" in the opened 

45 state), and the required control-signal power. Thus, 
small transient losses may imply, e.g., higher ohmic 
losses in the steady-state "closed" state (or higher con- 
trol-signal power). 

[0012] The object of the invention is to overcome the 
50 transient problems when a high-power RF signal is gen- 
erated by means of quantization and switching. 

SUMMARY OF THE INVENTION 

55 [0013] The method of the invention of generating a 
high-power modulated radio-frequency signal from a 
low- or medium frequency information signal is carried 
out by puise-f onming of the information signal by means 
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of a quantifier to form a digital signal having discrete sig- 
nal values, generating one or more carrier waves of ra- 
dio frequency, amplification by means of an amplifier 
comprising switches into a switched radio-frequency 
signal carrying the information, the switching events be- 
ing controlled by the information content of the digital 
signal, and achieving the desired signal by means of a 
filter. The method is characterized in that the carrier 
waves are generated by means of alternating radio-fre- 
quency voltages and that the amplification is performed 
by connecting the switches to the alternating carrier volt- 
ages, thus causing mixing of the digital signals with a 
corresponding carrier signal, In accordance with a given 
infomriation content of the digital signal. 
[0014] The apparatus of the invention for generating 
a high-power modulated radio-frequency signal, com- 
prises a quantifier for pulse-forming of an information 
signal to form a digital signal having discrete signal val- 
ues, a radio-frequency carrier wave generator, an am- 
plification unit comprising switches for achieving a 
switched radio-frequency signal carrying the infonna- 
tion, the switches being controlled by the information 
content of the digital signal, and a filter for achieving the 
desired signal. The apparatus is characterized in that, 
the switches are connected to alternating radio-frequen- 
cy carrier voltages generated by the carrier wave gen- 
erator to cause mixing of the digital signals with a cor- 
responding canrler signal, in accordance with a given in- 
fomriation content of the digital signal. 
[0015] The base-band signal (low- or medium fre- 
quency signal) can be analog or digital, simple or quad- 
rature shifted into two signal components. 
[0016] The switching transient problem is solved in 
the invention by connecting the switches to alternating 
"carrier" voltages Instead of to constant ("DC") voltages 
as In the mentioned Swedish patent. The solution of the 
invention also lowers the switching frequency facilitating 
lower power for the control of the switches. 
[0017] The variation of the carrier voltage can have 
different forms. If the carrier voltage is sinusoidal and 
varies between a top + level and a bottom minus level, 
the carrier voltage has a zero crossing at regular inter- 
vals in time (i.e. it has momentarily the value zero volts). 
If the instants in time for the switching are chosen to 
coincide with the zero crossings, no switching-transient 
problems exist as is explained in the following. 
[0018] Assuming a switching event in an apparatus of 
the invention with two switches, whereone of the switch- 
es is closed and the other open. If the switching is per- 
formed so that the second switch is closed slightly be- 
fore the first switch is opened, both switches are mo- 
mentarily closed at the transient moment. In the inven- 
tion, this will not short-circuit the "power supply" (repre- 
sented by the carrier generator in the invention), since 
the timing for the switching event has been chosen to 
coincide with the zero-crossing of the carrier voltage, at 
which moment there is no power supply. In such a 
switching strategy, the band-pass filter will at all times 



be connected to a tow Impedance (one or both switches 
are closed). 

[0019] in addition to solving the switching-transient 
problem, the invention also normally gives a lower 

5 switching-frequency (i.e. the time interval between 
sucessive switching events is longer). In thesigma-delta 
based RF amplifier of prior art, the switching frequency 
is typically equal to twice the "carrier" frequency. In the 
invention, it is equal to the output sampling frequency of 

10 the quantifier, (i.e. twice the base-band-width times the 
oversampling ratio, plus some guard interval), since in 
the invention the mixing of the carrier wave and the in- 
formation signal (the coded base band signal) takes 
place at the switching event. 

15 [0020] Switches dissipate control-signal power. A 
bistable switch dissipates control signal power only 
when changing from one state to the other (closed to 
opened, opened to closed). For a quasi-bistable switch, 
this is the case to a good approximation. Thus, if bistable 

20 or quasi-bistable switches are used, the required control 
signal power is proportional to the switching frequency. 
Because of the lower switching-frequency of the appa- 
ratus of the invention (equal to the output sampling fre- 
quency of the quantizer), It thus requires less power for 

25 the control of the switches, and give a higher efficiency 
amplifier. 

[0021] The invention is of benefit In all kinds of trans- 
mitters where the signal has a time-dependent enve- 
lope. This includes in particular radio base stations us- 
30 ing the IVICR concept, but also handsets for various 
standards, wireless local area (VVLAN) modems, etc. 
[0022] In the following an example of the invention is 
described by means of two figures. The Intention is not 
to restrict the invention to the details of these embodi- 
es ments, the scope of which invention is defined by the 
claims. 

BRIEF DESCRIPTION OF DRAWINGS 



40 



[0023] Figure 1 is a schematic view of the general 
principle of the invention. 

[0024] Figure 2 is a more detailed example of the in- 
vention. 



45 DETAILED DESCRIPTION 

[0025] In the embodiment of figure 1 , an incoming 
low-frequency or medium-frequency (base-band) infor- 
mation signal S| Is quantified in a quantifier 1 to generate 

50 a digital signal with M discrete signal values S^^ (I.e. , 
S2, S3 etc.). The digital signal represents a version of 
the Information signal which is sampled f^ (sample fre- 
quency) times per second. The values of the digital sig- 
nal comprise one or more bits and have thus two or more 

55 signal values. 

[0026] The quantifier 1 is for example a sigma-delta 
modulator, the principle of which is explained in SE pat- 
ent 507 373. A thorough introduction to the sigma-delta 
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modulator can be found in Norsworthy, S.R., Schreier, 
R.. Temes, GC. (eds); 1 997; "Delta-Slgma data convert- 
ers - theory, design, and Simulation", IEEE Press (ISBN 

0-7803-1045-4), 

[0027] The basic principle of the sigma-delta modula- 
tor is that, to the input, there is lead a low-rate sample • 
stream of the information signal (which is analog or it is 
digital with a large number of quantization levels, I.e. 
where each sample has a large number of bits). At the 
output, there is a smaller number of bits and a higher 
sampling frequency. The number of bits at the output is 
often the lowest possible, i.e. M = 2 (one bit), in which 
case, there are only two quantization levels, e.g. -1 and 
-1-1 . The reduction of the number of bits in the sample 
stream will cause distortion. The distortion can be ap- 
proximated as "noise", so called quantization noise, 
which is not forwarded to the antenna at the end. 
[0028] The digital signal SM is lead to a given switch 
81 , S2.... or SM of a switching unit 2, in accordance with 
the value of the signal. A given value of the digital signal 
Sf^ corresponds to a given switch to be closed. Different 
coding methods can be used to express the value of M. 
In one method, switch 81 is chosen, when the value M 
of the digital signal S|^ is 1 , and so on. A switched signal 
Ssw is achieved from the digital signal S^ so that the M 
switches are regulated in accordance with the informa- 
tion content in the digital signal, Sf^, a given information 
content resulting in a given switch to be closed. One and 
only one switch at a time is closed (except possibly for 
a short period of time during a switching transient when 
two switches might simultaneously be closed). 
[0029] The power of the switched signals depends on 
the time-dependence of the carrier wave voltage and an 
(amplitude) amplification is achieved when a given in- 
formation content is given a certain carrier wave of a 
given amplitude. 

[0030] The switching unit 2 thus performs both mixing 
and amplification of the S|^ signal. All switches 31 - SM 
are connected to their respective carrier generators and 
to a common output 3. The carrier amplitudes are de- 
noted by A1 , A2,...AM, and its generic time-dependence 
by Vp(t), the carrier wave voltage being a function of the 
time. The carrier wave functions can thus have the forms 

A1X(t). A2X(t). ...AMX(t) When a given switch is 
closed, its carrier wave becomes available resulting in 
an amplified infomiation signal of a given value. The 
control signal (infomnation signal) has to be handled so 
that there are never two switches simultaneously open. 
[0031] In the simplest case v^ is sinusoidal (v^ (t) = 
cos (27tfcarrierO)- TTio valuos of the amplitudes should co- 
incide with the output levels of the sigma-delta modula- 
tor. If the sigma-delta modulator outputs N, then switch 
number SN should be closed and all the others opened, 
and so on. 

[0032] The switching unit 2 thus converts the digital 
signal to a switched radio -frequency (RF) signal Sg^ car- 
rying the infomiation and from which a desired part can 
be taken by filtering. 



[0033] The generation of the carrier waves of radio- 
frequency is made in accordance with known methods. 
The easiest way is to generate a sinusoidal carrier. The 
generation of a non-sinusoidal carrier is more complex, 
s but has that advantage it is possible to choose the car- 
rier to stay close to zero for some finite time-interval 
around the switching events. 

[0034] The switching event can always be chosen to 
take place at a zero-crossing, if the carrier frequency is 

10 a multiple of the output sampling frequency of the quan- 
tifier (e!g. a sigma-delta modulator), even if the carrier 
voltage is not sinusoidal. It is possible to choose the fre- 
quencies (the harmonic and subharmonic contents) of 
a non-sinusoidal carrier so that it stays close to zero for 

f5 some time-interval around the switching events. 

[0035] If the carrier wave is sinusoidal, the modulated 
digital signal will be transposed so that a base-band fre- 
quency component of Fb will end up at Fc-Fb and 
Fc+Fb, where Fc is the carrier frequency. A band-pass 

20 filter 4 is placed after the switches that rejects the un- 
wanted one of these side bands (either Fc-Fb or Fc+Fb 
for all Fb-s in the base band). The band-pass filter 4 also 
rejects the (frequency transponed) quantization noise 
from the quantifier 

25 [0036] Figure 2 shows explicitly a possible implemen- 
tation of a two-level system (M=2). This implementation 
uses a (supposedly ideal) transfomier 5 to generate the 
two amplitudes of the carrier signal. The switch S1 is 
thus connected to an electric potential with respect to 

30 the ground of v^(t) while S2 is connected to -yjf). Thus, 
when switch S1 is closed and S2 opened, the Input of 
the band-pass filter 4 is connected to +Vc(t), and to -v^ 
(t) when S2 is closed and S1 open. When the sigma- 
delta modulator outputs +1 , switch SI Is closed and 82 

35 opened and vice versa when it outputs -1 . The frequen- 
cy divider 6 is a control unit for adjusting the frequencies 
and the inverter 7 regulates the switches in accordance 
with the values +1 or -1 . The other reference numbers 
1 , 2, 3 and 4 are equal to those used in figure 1 . 

40 [0037] In an other embodiment of the invention, not 
illustrated, instead of rejecting the unwanted side-bands 
by the band-pass filter, one could alternatively use a 
cancellation arrangement based on quadrature signals. 
In this case, two modulated base-band signals are used, 
identical as to a 90 degrees phase-difference. These 
two signals control the switches in two different mixers. 
The mixers are fed with carriers of 90 degrees phase 
difference. The signals from the mixers are added either 
before or afterthe band-pass filters. Also in this arrange- 

50 ment, the (frequency transposed) quantization noise 
from the sigma-delta modulator is rejected by the band- 
pass filter(s). 

[0038] A slightly different variant of this alternative 
would be to neither reject or to cancel either of the side- 
55 bands, but to use them as two lineariy independent 
channels, and to use them as in the traditional quadra- 
ture phase I and Q arrangement. Also in this arrange- 
ment, thef requency transponed quantisation noise from 
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the modulator is rejected by the band-pass filter(s). 
[0039] If the carrier is not sinusoidal and contains 
more than one frequency component, replica of the 
modulated base-band signal will fall onto the band-pass 
filter's passband. However, If all the frequency compo- 
nents of the carrier are integer multiples of the sampling 
frequency of the quanlifier, all these components will be 
aligned so that a particular base-band frequency com- 
ponent will be mapped onto the same RF frequency for 
all the replica. The occurence of a non-harmonic carrier 
will therefore not create any distortion in the resulting 
RF signal. The carrier may contain both harmonics and 
subharmonics of its fundamental frequency as long as 
all of them are integer multiples of the sigma-delta out- 
put sampling frequency. 

[0040] While any number M of equidistant or non- 
equidistant "carrier" amplitudes might be used, the most 
practical arrangement would probably be to use only two 
levels (as in the embodiment of figure 2) or three levels. 
[0041] A well-known fact of sigma-delta modulators is 
that a two-level system is less sensitive to mismatches 
in the components. Thus, an amplitude error, e.g. in one 
or both of the two carrier amplitudes switched between, 
does not introduce any distortion, in a three- or many 
level system, however, distortion is created by a devia- 
tion from Its nornial value in one of the carrier amplitudes 
switched between. 



Claims 

1. Method of generating a high-power modulated ra- 
dio-frequency signal from a low- or medium fre- 
quency information signal by 

a) pulse-forming of the information signal by 
means of a quantifier to form a digital signal 
having discrete signal values, 

b) generating one or more carrier waves of ra- 
dio frequency, 

c) amplification by means of an amplifier com- 
prising switches into a switched radio-frequen- 
cy signal carrying the information , the switching 
events being controlled by the information con- 
tent of the digital signal, 

d) achieving the desired signal by means of a 
filter. 

characterized in that the carrier waves are gener- 
ated by means of alternating radio-frequency volt- 
ages and that the amplification is perfonned by con- 
necting the switches to the alternating carrier volt- 
ages, thus causing mixing of the digital signals with 
a corresponding carrier signal, in accordance with 
a given information content of the digital signal. 

2. IVlethod of daim 1, characterized in that the alter- 
nation of the carrier voltages is performed so that 



8 

the frequency/frequencies of the carrier waves gen- 
erated is/are a multiple/multiples of the.output sam- 
pling frequency of the quantifier. 

5 3. Method of claim 1 or 2, characterized in that the 
alternation of the carrier voltage Is performed so 
that the resulting carrier wave is a sinusoidal signal. 

4. Method of claim 3, characterized in that the filter is 
10 a band-pass filter rejecting distortion caused by the 

amplification and the unwanted side band of the sig- 
nal from step c). 

5. Method of any of claims 1-4, characterized in that 
IS the Instants In time for the switching events are cho- 
sen to coincide with the moment at which the carrier 
wave is zero or close to zero to avoid energy losses 
during the switching transients. 

20 6. Method of any of claims 1 - 5, characterized in that 
the switching frequency is equal to the output sam- 
pling frequency of the quantifier. 

7. Method of claim 1 or 2, characterized in that the 
2s carrier voltage is non-slnusoldal in such a way that 
It is a sum of frequency components, where all the 
components have frequencies that are integers of 
the output sampling frequency of the quantifier. 

so 8. Method of claim 7, characterized in that the canrier 
voltages are chosen so that they stay close to zero 
for the time-interval around the switching events. 

9. Method of claim 1 or 2, characterized in that the 
ss information signal is quadrature shifted in two com- 
ponents, whereby two digital signals are formed in 
step a) controlling the switches in two different am- 
plifier/mixers of the invention, which are fed with 
carriers of 90 degrees phase-difference. 

40 

10. Method of claim 1 or 2, characterized in that the 
side-bands are used as two lineariy independent 
channels as in the quadrature phase I and Q ar- 
rangement of claim 9. 

45 

1 1 . Method of claim 8 or 9. characterized in that when 
one band-pass filter is used, the signals fomned in 
step b) are added before the filter. 

so 1 2. Method of claim 8 or 9, characterized in that when 
two band-pass filters are used the signals are add- 
ed after the band-pass fitters. 

13. Method of any of claims 9-12, characterized in 
55 that the filter(s) is/are (a) band-pass filter(s) reject- 
ing distortion caused by the amplification. 

14. Method of any of claims 1-13, characterized in 
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that in step a) there is formed a digital signal with 
two signal values. 

15. Apparatus for generating a high-power modulated 
radio-frequency signal, comprising 5 

a quantifier for pulse-forming of an information 
signal to form a digital signal having discrete 
signal values, 

a radio-frequency carrier wave generator, io 
an amplification unit comprising switches for 
achieving a switched radio-frequency signal 
carrying the information, the switches being 
controlled by the information content of the dig- 
ital signal, is 
a filter for achieving the desired signal, 

characterized in that 

the switches are connected to altemating radio-fre- 
quency carrier voltages generated by the carrier 20 
wave generator to cause mixing of the digital sig- 
nals with a corresponding carrier signal, in accord- 
ance with a given information content of the digital 
signal. 

25 

16. Apparatus of claim 15, characterized in that the 

quantifier is a sigma-delta modulator. 

17. Apparatus of claim 15 or 16, characterized in that 
the fitter is a band-pass filter rejecting unwanted sig- 30 
nals and distortion caused by the amplification. 

18. Apparatus of any of claim 15-17, characterized in 
that the carrier wave generator Is a transformer gen- 
erating carrier waves of two different amplitudes. 35 
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